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@ A method and an apparatus for sorting and ejecting articles.

@ A method and apparatus for sorting articles
passing an inspection station and subsequently re-
moving selected articles from the transporting track.
The position of the articles to be removed is deter-
mined by means of a pointer during their movement
along the inspection station, said position moving
along with the transporting track. At an ejector sta-
tion a signal is generated for removing the article
from the track. The means for determining the posi-
tion comprise the pointer and at least two fixed
e=points on either side of the candling station. The
& pointer and the fixed points are fitted with an ultra-
sonic transmitter and a receiver, respectively, or the

¢oother way round, or with a combined
Nl transmitter/receiver.
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A method and an apparatus for sorting and ejecting articles

‘This invention relates to a method of sorting
articles, such as eggs, fruit, potatoes, bottles, etc.
passing an inspection station and subsequently re-
moving selected articles from the {iransporting
track, with the position of the articles to be re-
moved being designated or singled out by means
of a pointer during the movement of the article
along the inspection station, said position moving
along with the transporting track, while at the sjec-
tor station a signal is generated in order to remove
the article from its transporting track.

Similar methods are known: see e.g. Duich
patent application 77079486.

Also known are systems with video cameras
provided above the articles to be sorted, in which
an article is pointed out by means of a spot of light,
after which the video camera fixes the position of
the spot of light (USP 4,410,091).

Furthermore, a functionally simple sytem is
known wherein beside the article there are pro-
vided push bottons or pawls moving along with the
article. The pawls are operated in the selection
station and the position of the pawls is read out at
the sorting portion, after which all pawis are
brought into the starting position: Dutch patent ap-
plication 8303804 (MOBA).

These systems have the drawback that they
are difficult to operate or difficult to use during the
sorting of eggs due to the glaring illumination from
the underside, or to their being sensitive o elec-
tromagnetic interference. It is an object of the
present invention to provide a method and an ap-
paratus of the above described type lacking these
drawbacks. .

To that effect, the method is characterized in
that the means for determining the position com-
prise said pointer and two fixed points on either
side of the inspection station, said pointer and fixed
points being respectively equipped with an ulira-
sonic transmitter and a receiver or the other way
round. Use can also be made of combined tran-
sceivers on the pointer and at the fixed points.

When the articles to be sorted pass the inspec-
tion station along fixed tracks, the sorting, and the
determination of the correct position can also take
piace by determining the positions in longitudinal
direction by different means, e.g. a photoelectric
cell provided above each track and a single com-
bination of an ultrasonic transmitter and a receiver.

Use can also be made of a combination of e.g.
a photoelectric cell and one transmitter and two
receivers or the other way round. In this manner,
the photoelectric cell determines the track, while
iwo distances are measured by sound measure-
ment with one fransmitter and two receivers, or two
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transmitters and one receiver. As a result, no cou-
pling is required any longer between the transmit-
ter and the receivers.

By providing a "dead zone" between the rows
succeeding one another in the transport direction,
errors in determining the position in the transverse
direction or doubtful cases are excluded.

In a further elaboration of the present invention,
use can be made of a pointer which contains more
selection media, such as switches or push buttons,
thus enabling a further selection, such as removing
broken eggs or eggs that are entirely unfit for use,
or eggs that are still usable for bakery purposes, or
eggs that are unfit for further processing in an
automatic apparatus solely because of their shape
or colour.

To increase the reliability of the ultrasonic dis-
tance measurement, this can be repeated several
times with short intervals with selected articles be-
ing designated or singled out once only. A certain
minimum time interval has to be awaited between
these measurements, so that when the next mea-
surement is performed, the ultrasonic sound waves
of the preceding measurement have sufficiently
died out.

For the sake of completeness, reference is
made to German patent applications 3,036,927 and
3,036,949, both relating to a system for the transfer
of coordinates of selected points. These publica-
tions concern the application of an auxiliary source
with a stylus having a special radiation input. When
the stylus point receives a signal, the coordinates
thereof are determined, with the stylus transmitting
a command signal to a receiver establishing the X-
Y position of the article at that moment. Contrary
thereto, according to the present invention, the
coordinates are determined directly by means of
the pointer.

An essential feature is that in the above Ger-
man publications, a point of time is measured,
whereas in the present invention, the distance be-
tween transmitter and receiver(s) is measured.

Another difference is that the known systems
proceed according to a fixed pattern which is pe-
riodically scanned.

A further very important difference is the fact
that, according to the present invention, the coordi-
nate is determined from the signal received, i.e. the
information is contained in the signal, in contrast to
the known apparatuses.

None of the aforecited publications, however,
relates to the use of a pointer and at least two fixed
points on either side of the inspection station,
which pointers and fixed poinis are fitted with an
ultrasonic transmitter and a receiver, respectively,



3 EP 0 330 260 A1 4

or the other way round, or with a combined tran-
sceiver.

The present invention further relates to appara-
tus for performing the above described method,
which apparatus is characterized by including a
battery-fed pointer which can be handled in a con-
siderably simpler manner than the hitherto used
wire-fed pointers; it is true that battery-fed pointers
are slightly heavier, but this amply compensates
for the drawback going with the feeder cable
present in the known pointer.

Some embodiments of the apparatus according
to the present invention and the principles used
therein will now be described, by way of example,
with reference to the accompanying drawings, in
which:

Fig. 1 diagrammatically shows the determi-
nation of a position of an article by means of a
pointer relative to two fixed points;

Fig. 2 shows the determination of the posi-
tion of an article when this moves along a fixed
track;

Fig. 3 shows the determination of the posi-
tion of an article when this moves along a fixed
track and likewise is arranged in rows in X-direc-
tion;

Fig. 4 shows a variant of the construction
shown in Fig. 2; and

Fig. 5 is a block diagram of a sorting appara-
tus according to the present invention.

Fig. 1 is a diagrammatic top view of an inspec-
tion station, such as an egg candling station, with
an X axis and an Y axis. The correct position of a
point p can be determined by means of a pointer
fitted with an ultrasonic transmitter relative to two
fixed points A and B. The point of intersection of
the radii L1 and L then gives the position of the
article on the inspection device at the moment of
measurement.

As the articles to be sorted are moving, their
position relative to the fixed system of coordinates
and hence relative to the place of selection and the
place where the article is to be removed will
change continuously conveniently, therefors, afier
the position relative to the fixed system of coordi-
nates has been determined, this is translated into a
system of coordinates related to a sorting appara-
tus. For that purpose, it is necessary that synchro-
nization signals are generated from the sorting ap-
paratus or that a system of coordinates of the
sorting apparatus is otherwise related to the fixed
system of coordinates. Thus, for example, when
the speed of the machine is constant, a fixed time
delay may be used. Naturally, it is also possible
continually to adjust the coordinates of the article,
since the article is displaced via a defined pattern.

Anyway, it is necessary that there is a cou-
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pling, a synchronization, between the position of
the article at the moment when the article is being
selected and the position at which the ariicle is to
be removed. Systems of this kind are known per
se, see e.g. the above mentioned publications, so
that a further description thereof can be dispensed
with. .

It will be clear that instead of designing the
ultrasonic transmitter as a pointer and the fixed
points as a receiver, it is also possible to construct
the pointer as a receiver and the fixed points as a
transmitter. Designing the pointer as an ultrasonic
transmitter has the advantage that the pointer can
be passive, since it only needs to reflect.

The above described system has some
drawbacks:

a. the distances measured should be con-
veried into X-Y coordinates.

b. small deviations in the distance measured
can give large deviations in the Y-value.

¢. it is necessary that the transmitter trans-
mits the ultrasonic signal over the entire selection
region in such a manner that the receivers can
receive the signal. This seems obvious but since
the wavelength of an ultrasonic sound wave is
small (e.g. at 40 kHz, the wavelength is about 8.5
mm), the dimensions of the iransmitters and re-
ceivers are comparatively large in relation to the
wavelength of the sound employed. This results in
a strong orientation effect.

However, if use is made of a system wherein
the articles to be sorted are disposed in rows on a
conveyor belt, a roller conveyor or the like, a
substantial simplification is possible.

As shown in Fig. 2, the Y coordinate (=the row
on which the article to be sorted is disposed) in
such a system will not vary; only the X coordinate
changes with the time. The Y coordinate can thus
be determined in a simple manner, e.g. with a
photoelectric cell. The problem of the location is
thus reduced to a one-dimensional problem, i.e. the
determination of the X coordinate. As the number
of photoelectric cells along the Y coordinate cor-
responds with the number of tracks, it is only the X
coordinate which needs to be measured and the
synchronization of the machine should be known.

When articles are arranged at fixed intervals in
the X direction (e.g. when the articles are disposed
on rollers, or in compartments, etc.) then it is
possible to compare the distance L measured with
the positions at which articles may be present. This
is shown in Fig. 3; the arrows indicate the places
where there can be no article, since rollers, parti-
tions, etc. are present here.

The distance L1 measured belongs to an article
but the distance L! cannot belong to an article,
because at this location there can be no article.
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This distance measurement can then be ignored by
the system. By refusing to accept distance mea-
surement in a region around the places where no
article can be present, mistaking two articles is
excluded, even when articles are designated or
singled out in the boundary region between two
articles.

There is thus produced a pattern of "dead
zones" (indicated with arrows in Fig. 4) and "active
zones" in places where the distance measurement
is or is not accepted.

As the articles are displaced in the direction of
fransport, the synchronization with the machine has
to ensure that the "dead zones" and "the active
zones" shift along with the articles to be sorted.

In a system with ultrasonic distance measure-
ment, it is important to know at what moment a
signal is transmitied and the moment when the
signal is received in order to determine the transit
time therefrom. This means that somehow there
should be a coupling between the transmitter and
the receiver, e.g. a cable through which the elec-
trical signal is transmitted. Aithough this is not an
essential drawback, it may be a practical drawback
of the use of the pointer and hence of the system.

Fig. 4 shows an arrangement wherein no cou-
pling is required any more between the transmitter
and the receiver. As a result, the number of receiv-
ers has been extended, and two distances in the X
direction are measured in addition fo the chosen
track in the Y direction. By measuring the dif-
ference in distance from the article z to the receiv-
ers 01 and 02, respectively, the position relative to
the centre of the receivers is fixed. In this case
therefore only the difference between L1 and L2
need be determined, without the values themselves
being known. As L1 and L2 are measured as the
times of travel of the ulirasonic sound from the
fransmitter to the receiver, the difference in time of
travel of the ulirasonic sound to the receivers 01,
02 contains the information regarding the position
of the pointer, in other words, the moment when
the signal is transmitted is no longer important. As
a resuli, the coupling between transmitter and re-
ceivers can be eliminated.

In order {o enhance the reliability of the ulira-
sonic distance measurement, a measurement can
be repeated several times. However, there should
be a cerfain minimum time interval between the
measurements, so that when the next measure-
ment is performed, the ultrasonic sound waves of
the preceding measurement will have died out.

As stated before, various selection criteria can
be indicated by using various selection media,
such as push buttons, switches, etc., so as to
indicate on the basis of which selection criterion an
article is selected. These selection media can be
integrated on the pointer, which again requires a
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cable, however. Selection criteria may be e.g. in-
dications whether the article is completely unfit for
use or unfit for use for specific purposes, for in-
stance an egg may be totally unfit for further use,
or an egg may deviate as regards size and coulour
but may still be suitable for consumption.

When use is made of a system wherein mea-
surements are repeated to increase reliability, it is
possible to vary the time between two measure-
ments, depending upon the selection criterion. By
measuring this interval in the signal received, it is
possible to determine the criterion on which the
article has been selected, so that this too, requires
no coupling, such as a cable, between the pointer
and the total system.

Referring to Fig. 5, showing a block diagram of
a system built up according to the above described
principle, the following can be observed.

Distance counters 1 and 2 are preset with a
value corresponding with the central positioned.
When an ultrasonic signal is recsived, it is deter-
mined in the counter selection what signal was first,
ultrasonic right or ultrasonic left (these signals
originate from receivers 02 and 01, respectively, in
Fig. 2). In response thereto, the distance counters
add or subtract.

In the first measurement, counter 1 is started
when a signal is received from one of the ultrasonic
receivers and counter 1 is stopped when the signal
of the other ultrasonic receiver is received. This
therefore fixes the position.

Likewise, counter 2 is started and stopped in
the second measurement. By comparing the posi-
tions of counters 1 and 2, it is possible to deter-
mine whether it was a correct measurement, since
with equal positions, the counter positions should
be equal.

Due to the counter selection, the category
counter is started too at the beginning of measure-
ment 1, and at the beginning of measurement 2,
this counter is stopped. As a result, the interval
between the two measurements is measured and
hence the selection criterion is determined. It is
determined in the category comparator whether
this is a valid selection criterion.

When both the distance measurement and the
selection criterion determination are correct, the
interposed buffers are filled and the processing
unit, e.g. a microprocessor, can read out these
values. Naturally, a comparable system can be
realized with three or more counters.

As the articles are moving relatively to a fixed
system of coordinates, synchronization is neces-
sary with the machine. When this machine consists
e.g. of a conveyor belt, on which the articles to be
selected are transported, synchronization can be
effected as follows.

Upon displacement along one row, a signal is
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generated: the rest puise. The displacement along
this distance is divided into - preferably equal -
parts, e.g. 8 parts; each time when such a part has
been traversed, a signal is generated: the divider
pulse.

When the reset pulse arrives, this means that
all articles have been shifted one row in the direc-
tion of transport. The article lying first in row 1 has
thus been transported to row 2, as viewed in the X
direction, etc. With a view to following the move-
ment of the article, the row number has therefore to
be increased by one upon each reset pulse. As
already observed above, it is highly practical to
select the unit of the X coordinates when the dis-
tance between two rows, i.e. the X coordinate, is
equal to the row number. Due to this mode of
operation, the position of the moving article is
related to a fixed position. It is also possible o
operate the other way round by numbering the
position on the conveyor belt and, upon each reset
pulse, to renumber the position numbers on the
stationary selection place. However, this will not be
further discussed.

As it is impossible to displace an article from
row | to row 2 in an infinitely short time, it is
possible that the article has been displaced along a
part of row 1. This is what the divider pulses are
for. Whenever the article has been dispiaced along
a part 1 of a row, a is subtracted from the respec-
tive coordinate, so that the row number remains
constant between two reset pulses. In the system
shown in Fig. 5, this is done by using different
preset values, depending on the number of divider
pulses after the reset pulse. When a reset pulse
arrives during the measurement, "one" should be
added to the position, because the processing unit
has increased everything by one position.

When the articles leave the selection portion,
e.g., the candling station, it is known what articles
have been selected. These articles may be count-
ed, e.g. by a microprocessor or a flap may for
instance be activated so as to remove the article.

In this manner, naturally, a great many modi-
fications and variants are possible without depart-
ing from the scope of the present invention.

Claims

1 A method of sorting articles, passing an
inspection station and subsequently removing se-
lected articles from the transporting track, the posi-
tion of the articles to be removed being determined
by means of a pointer during their movement along
the inspection station, said position moving along
with the transporting track, and a signal being gen-
erated at an ejector station for removing the article
from the frack, characterized in that the means for

10

15

20

25

30

35

40

45

50

55

determining the position comprise the pointer and
at least two fixed points on either side of the
inspection station, said pointer and fixed points
being fitted with an ultrasonic transmitter and a
receiver, respectively, or the other way round, or
with a combined transmitter/receiver.

2. A method of sorting articles passing an
inspection station along a stationary frack and sub-
sequently removing selected articles from the
transporting track, in which the position of the arti-
cles to be removed is determined by means of a
pointer during their movement along the inspection
station, said position moving along with the trans-
porting frack, and a signal being generated at an
ejector station for removing the article from the
track, characterized in that for determining the cor-
rect position, the position in the transverse direc-
tion is determined by a detection means disposed
above each track, such as a photoelectric celi, and
the position in longitudinal direction by a single
ultrasonic transmitter and receiver, or the other way
round.

3. A method as claimed in claim 2, character-
jized in that use is made of the combination of a
photoeleciric cell and one transmitter and two re-
ceivers, or the other way round.

4. A method as claimed in ¢laim 2 or 3, char-
acterized in that a "dead zone" is provided be-
tween the rows succeeding each other in the direc-
tion of transport.

5. A method as claimed in any one of the
preceding claims, characterized in that use is made
of a pointer containing one or more selection me-
dia, such as switches and/or push buttons.

6. A method as claimed in any one of the
preceding claims, characterized in that the ultra-
sonic distance measurements are repeated.

7. A method as claimed in claim 5 or 6, char-
acterized in that the information originating from
the selection media is encoded in the ultrasonic
distance measurements, e.g. by varying the num-
ber of measurements or the interval or the fre-
quency of the measurements.

8. An apparatus for perfoming the method as
claimed in any one of the preceding claims, char-
acterized by including a battery-fed pointer.
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